Background/Objectives: Dietary assessment in humans is hampered by the phenomena of under and overreporting of energy intake, when food records are used to evaluate habitual dietary intake. Different methods to evaluate mis-reporting have been proposed using cut-offs derived from estimates of reported energy intake and basal metabolic rate, or, from predictions of total energy expenditure. This study compares the effect of using two different cut-off approaches to screen food records for validity, completed by a large cohort of Australian children (n ¼ 2460), from Grades 1, 5 and 10 (aged 5-17 years). Subjects/Methods: Energy intake was calculated from 24-h food and drink records for each child. These data were screened using the Goldberg and McCrory cut-offs. The effect of using these two cut-offs on the collected dataset was explored by considering the mean and standard deviation of energy intake in each year level before and after the cut-offs were applied. Results: The use of the Goldberg cut-off resulted in 9% of the total cohort being classified as underreporters, with 60% of these subjects being in Grade 10. The McCrory cut-offs revealed that overall, 22% of the total cohort underreported EI. 33.3% of Grade 1 children were classified as overreporters with this value falling to about 20% of Grade 10 children, while 10-15% of Grade 1 children underreported, with this figure rising to about 30% in Grade 10. Conclusions: Both the Goldberg and McCrory approaches have their advantages and disadvantages, and we suggest that consideration should be given to the reason for screening data before a particular approach is used, with recognition that these methods do differ in their aims and outcomes. The McCrory method consistently classified a greater number of children as underreporters.
Introduction
The evaluation of habitual dietary intake is a fundamental aspect of nutritional assessment of both individuals and populations. Nevertheless, achieving accuracy and reliability in this evaluation is less than straightforward. The majority of dietary collection methods are confounded by methodological and practical issues as well as subject compliance. Such factors have the potential to impact upon the accuracy of the data, and the possible interpretation of these data, regardless of the methodology employed. In many cases the accuracy of the data collected is highly dependant on the subjects' cooperation in providing valid and reliable information about the diet consumed, but unfortunately, this is often not achieved.
The emergence of external markers of dietary intake over the last 30 years or so, notably the doubly labelled water technique for the measurement of energy expenditure in free living individuals, has highlighted the phenomenon often called underreporting (Hill and Davies, 2001) . This is the conscious or unconscious underreporting of food and drink intake during the attempted assessment of habitual dietary intake. Although underreporting of dietary intake is seemingly common, there is also the phenomenon of 'undereating' that might be a function of a systematic and planned reduction in dietary intake by an individual as part of a conscious weight loss programme. These two phenomena are difficult to separate in many instances. It has previously been reported that underreporting and/or under-eating is seen in many groups and populations, including, for example, children and adolescents (Bratteby et al., 1998; Champagne et al., 1998) , athletes (Haggarty et al., 1988; Hill and Davies, 1999) adults (Livingstone et al., 1990; Black et al., 1997) and the obese (Prentice et al., 1986; Goris et al., 2000) , and the widespread nature of the phenomenon is now accepted.
In 1991, Goldberg and colleagues (Goldberg et al., 1991) , proposed a mechanism to evaluate the accuracy of reported energy intake data, based on fundamental principles of energy physiology collected from dietary records. The outcome of this approach has since been widely referred to as the 'Goldberg cut-off'. These cut-offs are essentially a ratio of reported energy intake to predicted, or measured, basal metabolic rate (sometimes resting metabolic rate), below which the reported energy intake, is not sustainable to meet long-term energy requirements. Since that time, the Goldberg cut-offs have been used in many studies to evaluate the validity or otherwise of reported dietary records, both in populations and at the individual level (Black, 2000) . In this paper, however, it was pointed out that in many instances, these cut-offs have been used inappropriately due to misinterpretation of the original paper and its underpinning statistical derivation. In her elegant paper, Black (Black, 2000) goes on to show how more appropriate cut-off values can be derived, taking into account not only sample size, but also the number of days of recorded intake, as well as variation in mean values for habitual physical activity within the population being studied. The cut-offs so calculated are provided for both population and individual analyses. These modified Goldberg cut-offs are used in this paper and are referred to as such.
More recently, McCrory and colleagues (McCrory et al., 2002) have developed a different, although not totally dissimilar approach, to screening dietary records for accuracy and validity. This method again uses a ratio, this time between predicted total energy expenditure (TEE) and reported energy intake. This approach removes one of the apparent disadvantages of the modified Goldberg method. As reported by McCrory and colleagues (McCrory et al., 2002) , the error in assigning a physical activity level (PAL) is one source of variation that is not accounted for by Goldberg and colleagues (Goldberg et al., 1991) or Black (Black, 2000) .
In the McCrory approach, the range of acceptable ratios is dependant upon the coefficient of variation (CV) of the measurements of within subject energy intake, taking into account the number of days of measurement, the CV in the prediction of TEE using published equations and the CV of the day to day variation in the measurement of TEE. All values for CV are used as a percentage in the calculation. A further significant difference between the modified Goldberg and McCrory methods is that the latter has been used to identify over-reporters as well as underreporters. It is not widely appreciated that a modified Goldberg cut-off can be determined to identify possible overreporters, and the modified Goldberg method has been rarely used for this purpose, it remaining predominantly a method for screening data for underreporting. The original Goldberg paper (Goldberg et al., 1991) confined itself to determining cut-off limits to identify underreporting. Since the publication of Black (Black, 2000) , however, values exist, that can be used to identify overreporters. Nevertheless, the Black paper focuses predominantly on the principles that guide the Goldberg cut-off for identifying underreporters. Although not as widespread a phenomenon as underreporting, overreporting could equally influence a dataset leading to potentially misleading or inappropriate analyses and interpretation. The McCrory method has also been used in a number of studies to date, including both children and adults (McCrory et al., 2002; Huang et al., 2004) . By their very nature data obtained from under and/or overreporters can significantly skew or effect, in other ways, data pertaining to dietary intake both at the population level and the individual level, and yet the modified Goldberg and McCrory methods have not been compared with any great extent in the literature. This potential distortion in data due to under and/or overreporting might be particularly evident in data collected in large surveys, as often, the logistics of the survey require that simple and rapid estimates of dietary intake are required, often over relatively short periods, which could impact upon accuracy, validity and reliability.
The aim of this study was therefore to evaluate the effect of using both the modified Goldberg cut-off and the McCrory cut-off on energy intake data collected in a large survey of a cohort of Australian children. In summary, the modified Goldberg cut-off should identify reported energy intakes that are plausible measures of food consumed during the measurement period, while the McCrory cut-off, as used in this study, will indentify records that are not representative of usual intake. It is therefore not expected that the use of those cut-offs will affect a dataset in the same way, or to the same extent. Indeed, a further aim of this study is the comparison and contrast of using the different approaches on a given dataset. These analyses will also allow the occurrence of under and overreporting to be evaluated across an age range and between the sexes in children.
Materials and methods
The Healthy Kids Queensland Survey took place throughout Queensland, Australia from April to September 2006. A random sample of 112 schools from all primary and secondary schools taken from government and non-government sectors were invited to take part, of which, 39 urban and 33 rural schools took part (n ¼ 3691). These schools were chosen using a random cluster design. The school setting was chosen as children in the target age groups spend the majority of their time during the week at school. Further, to maximise the statistical power of the survey, three key age groups at critical times in growth and development were chosen: the first year of compulsory schooling-Grade 1: 5-7 years; just before puberty-Grade 5: 9-11 years and the last year of compulsory schooling-Grade 10: 14-16 years. In this study, a total of 2460 children and adolescents who could provide information on anthropometry and completed 24-h food and drink records were included in the analyses.
Height and weight were measured as described by Davies and colleagues . For height, two measurements were taken and recorded. A third measurement was taken if the first two differed by more than 5 mm. The mean of the two closest measures was included in the analysis. Weight was measured once, using digital scales. The methods of data recording and collation were also those described by Davies and colleagues .
All Grade 5 and 10 children and 25% of Grade 1 children completed food and drink records (FDR) over a 24-h period (24 h FDR). A comprehensive 24-h FDRs methodology is detailed in Healthy Kids Queensland: Physical Activity and Nutrition Survey 2006 (Abbott et al., 2007) . Children were shown how to fill out a 24-h FDR in a classroom presentation, conducted by a trained research assistant. They were asked to record information on the day/date the record was completed, start (time they woke-up) and finish (bedtime) times, detailed descriptions of all foods and beverages consumed during the period they were awake, recipes, as well as the amounts eaten. They were given sets of cups, spoons (standard measures) and a ruler to assist with quantification of foods and beverages consumed. Parents, of children in Grade 1 and 5 were asked to complete the 24-h FDR, and children in year 10 were asked to complete the record themselves. A letter accompanying the 24-h FDRs sent to parents in Grade 1 gave detailed instructions on how to accurately complete the 24-h FDR, including pictures to help estimate portion sizes. All 24-h FDRs were reviewed with the students (and parents of the youngest children) by research assistants, to ensure sufficient detail and accuracy of records and measurements were provided for the analysis of dietary intake.
The 24-h FDRs were analysed using the FoodWorks Professional Edition software system (version 4.0, 2005; Xyris Software, Brisbane, Australia). FoodWorks is a nutrition analysis software programme that uses the AUSNUT database (produced by Food Standards Australia New Zealand). This programme's database has generic and brand-specific foods and drinks but is not comprehensive for all new commercial foods and drinks. The software allows coders to add new items to the database and modify existing items. Recipes for many common dishes are also available and can be modified and new recipes may be created. FoodWorks analysis provides micro-and macronutrient information for all foods or beverages entered. For energy intake analysis, FoodWorks output presented data on total energy intake as well as energy from protein; fat (saturated, polyunsaturated and monounsaturated) and carbohydrates. A team of coders completed the 24-h FDR data entry. Two members of the team were responsible for developing coding instructions, and checking queries for quality control purposes and to ensure consistency between all the coders. All entered data were then assessed twice by two different coders to eliminate errors that would affect total energy intake calculations.
Basal metabolic rate was predicted using age and gender specific equations, (Schofield, 1985) taking into account measured height and weight.
Modified Goldberg cut-off method Black (Black, 2000) , provides a number of cut-offs for the ratio of reported energy intake to predicted basal metabolic rate (BMR) depending upon whether the analysis is at group or individual level and also allowing for varying number of days of data collection. The lower 95% confidence limit that is appropriate in this case, for a single day's record, is a ratio of o0.87. The individual ratios of reported energy intake to predicted BMR were thus screened using this particular cut-off value.
McCrory method TEE was predicted for each child using their age, weight, height and an assumed PAL of 1.4-1.6 Â BMR in all children using published equations (Institute of Medicine, 2002 ). An assumed PAL was used as it was not possible to calculate the PAL value of each individual. A ratio of reported energy intake to predicted TEE was calculated for each child. The plausible range of these ratios was calculated using data from Huang et al., 2004 (Huang et al., 2004 . This calculation takes into account the CV of energy intake reporting, the CV of predicting TEE using published equations and the CV of TEE as measured by doubly labelled water, as previously published in the literature (Black et al., 1997) .
The equation takes the form:
This leads to plausible ranges of the ratio and energy intake/ predicted TEE as being 82-118% in Grade 1 children 81-119% in Grade 5 children and 79-121% in Grade 10 children.
Results
Measurements of reported energy intake, height and weight were available for a total of 2460 children, of which, approximately 9% were in Grade 1, 55% in Grade 5 and the remainder in Grade 10. The participation rates in this aspect of the survey were 85, 94 and 92% in Grade 1, 5 and 10 children, respectively. Table 1 presents the mean and standard deviation for age, weight, height and reported energy intake by sex and Grade. Table 2 presents a comparison of the number and percentage of under and overreporters using the modified Goldberg and McCrory cut-offs. The proportion of underreporters differed markedly using the two different approaches. Using the modified Goldberg cut-off of o0.87 resulted in a total 230 children (approximately 9%) being removed from the dataset. The distribution of these children across the Grade groups was not uniform with the majority underreporting children (60%) being in Grade 10. In contrast, only 3% of the underreporters were in Grade 1. Table 3 shows the mean reported energy intake, and its 95% confidence interval, for the entire group of 2460 children, divided by sex and Grade, and the same parameters for the group once the underreporters had been excluded using the modified Goldberg cut-off. As can be seen for both sexes in Grade 5 and Grade 10, the mean reported energy intake, after the underreporters were removed from the dataset, falls outside the 95% confidence interval for the group as a whole. The mean values of reported energy intake for both sexes in Grade 1 are not significantly different after the removal of the underreported data. The largest absolute difference between the means shown in Table 3 are among Grade 10 boys (925 kJ, 8.3%), while when expressed as a percentage of the entire group the biggest difference is seen in Grade 10 girls (10.2%, 841 kJ). Table 4 shows the mean and 95% confidence interval for reported energy intake for the entire cohort divided by sex and Grade group and the same parameter for the group once both under and over reporters have been excluded using the McCrory approach leaving the 'plausible' data. After this particular screening of the data, the mean energy intake for the remaining cohort is statistically significantly different from the entire dataset in both sexes in Grade 1 and Grade 5.
When directly comparing the two methods, all subjects excluded when applying the Goldberg method, were also excluded when the McCrory method was applied. 
Discussion
Unusually, this paper has considered both under and over reporting of dietary records in a group of children aged 5-16 years. Overreporting has the potential to distort dietary data as well as the more widely documented phenomena of underreporting (Hill and Davies, 2001; Livingstone and Black, 2003; Rennie et al., 2007) . Overreporting of habitual dietary intake is less well described, however, both have the potential to distort dietary data and make appropriate interpretation difficult. The assessment of dietary intake is not straightforward and the logistic and practical advantages of a single day's record are appealing, especially in large community-based surveys. Nevertheless, it is almost intuitive that a one-day record will have restricted validity and potentially poor accuracy and precision, especially at the individual level. As a consequence, the modified Goldberg cut-off that is suggested for use, with a single-day food record, is appropriately conservative, being o0.87. This, therefore, allows records to be included that could represent a true record of the diet over the study period even though the particular record may not representative of habitual diet. This cut-off assumes a PAL of 1.55 and, if this assumption is not correct, the cut-off value that should be used would change. Nevertheless, as stated by Black, the use of 1.55 as a value for PAL is a conservative estimate representing normal activities. Moreover, the equation used to predict TEE used in the McCrory cut-off calculation also assumes a PAL in the same order of magnitude, of between 1.4. and 1.6. Thus, while we acknowledge that changing PAL values would alter the number of food records deemed plausible or otherwise, we have at least been consistent in our approach. In this study, using this ratio of reported energy intake to predicted BMR as a cut-off, there were notably differing effects on the mean reported energy intake across the range of ages surveyed. Approximately 3% of all children in Grade 1 were designated as having underreported their dietary record, while that figure rose to approximately 16% in Grade 10 children. It should be remembered that in this survey, parents or guardians had the primary responsibility for completing the dietary records of children in Grade 1, and this may have contributed to the lack of apparent underreporting seen when using the modified Goldberg cut-off. When the modified Goldberg cut-off was used, as would be expected, in all Grade groups and both sexes, the mean energy intake of the screened dataset increased. As can be seen in Table 2 , the removal of dietary records using the Goldberg cut-off of o0.87, had a statistically significant effect on the mean energy intake in both sexes in Grades 5 and 10, but not Grade 1. While the change in mean energy intake in Grades 5 and 10 are statistically significant, the reality is that the absolute differences are small. For example, in Grade 5 boys, the mean difference is only 330 kJ or less than 4% of the mean reported energy intake of the entire cohort. This figure is close to 3% for Grade 5 girls. Certainly differences of this magnitude have not prevented dietary intake methodology and derived data being used in previously published national surveys (Davies et al., 1994) .
The interpretation of the effect of using the McCrory cutoffs on the mean reported energy intakes shown in Table 3 is again less straightforward. It is noteworthy that the mean energy intakes for both males and females in Grade 1 decreased. This is a reflection of the fact that, as can be seen from Table 4 , about a third of Grade 1 children were classified as overreporting, while only about 13% were deemed to be underreporting. Again, this may reflect the fact that parents and/or guardians had the primary responsibility for reporting the dietary intake of Grade 1 children. However, further elucidation of the underlying behavioural or psychological mechanisms that might produce a tendency for parents to overreport their children's intake rather than underreport, cannot be explored with the data collected in this survey.
In Grade 5 the mean reported energy intake for boys decreased by about 3%, while in the girls the mean value Table 4 The mean and 95% confidence interval for energy intake (EI) data for the entire cohort; and for the cohort with 'underreporters' and 'overreporters' (plausible energy intake) eliminated using the McCrory approach Table 4 , where it can be seen that in Grade 5, the percentage of children overreporting was slightly greater than the percentage underreporting in both sexes. A total of about 60% of Grade 5 girls therefore reported a plausible intake, a value not dissimilar to that reported by Ventura and colleagues (Ventura et al., 2006) in slightly older girls. Children had been encouraged to eat and drink normally on the day of their record. Whilst dietary records could have been altered, the effect would seem not to be markedly different from that reported in the literature (Ventura et al., 2006) . As with the use of the modified Goldberg cut-offs, the McCrory cut-offs yielded a dataset in which the mean energy intake for Grade 10 boys and girls increased after screening. This indicates more underreporting than overreporting in this age group, which is confirmed by the data shown in Table 4 . The increase in mean energy intake is, however, small in both sexes. The Goldberg approach, as modified by Black (Black, 2000) , takes into account within subject CV of measurement of reported energy intake, as well as the CV of repeated BMR measurements, total variation in PAL in the population and the number of days of energy intake measurement. The McCrory approach as described previously and takes into account similar parameters but includes coefficients of variation of the prediction and measurement of TEE. The cut-off proposed by McCrory of ±1 s.d. is an arbitrary value and indeed it has been suggested that the most appropriate and biologically relevant cut-off value probably lies somewhere between ± I s.d. and ± 1.5 s.d.. Support for the ± 1 s.d. cut-off, at least in adults, is provided by McCrory and colleagues (McCrory et al., 2002) . In this paper, they showed that the regression line relating reported energy intake data and body weight was most similar to the regression line relating measured TEE to body weight (derived from a different cohort) when ± 1 s.d. was used to exclude under or overreporters.
It is clear that using cut-offs that represent ±1 s.d. (McCrory) and ± 1.96 s.d. (that is, Goldberg: 95% confidence limit) will result in differing numbers of dietary records being excluded from any given dataset. An argument has been put forward (McCrory et al., 2002) that the use of the modified Goldberg cut-off will tend to include reports that could represent a true record of the diet during the study period, but nevertheless be non-representative of habitual diet. On the other hand, McCrory and colleagues suggest that their method should be expected to exclude dietary records that are not representative of usual habitual diet even though they may be accurate records of the diet consumed during the study period. This is an important and significant distinction and could offer some guidance on the use of the two differing cut-off approaches in future analysis. Researchers should be aware of the affect of using either cutoff methods in their energy intake dataset. Equally, workers should also be sure that the method chosen is appropriate for the purpose intended. Moreover, it is further suggested that the McCrory approach might be of particular importance and relevance when attempting to investigate relationships between habitual diet and health outcomes. Using cut-offs to determine plausible reports of energy intake are certainly useful in preventing spurious data affecting results and interpretation.
There are a number of other ramifications arising from this study. Firstly, while underreporting is well documented in the literature, the data presented in this study would suggest that overreporting in children is also a significant issue. Overreporting, as defined by the McCrory cut-off, was found in approximately 32% of Grade 1 children. As previously mentioned, this figure may have been influenced by the fact that in the survey reported in this study, the parents were the primary record keeper and reporter in Grade 1 children and this is worthy of consideration when designing similar studies. Secondly, the percentage of children deemed as underreporting was different, depending on which cut-off was used. Thirdly, the fact that, for example, just over half of Grade 10 boys were classified as either under or over reporters, when using the McCrory cut-off, might have implications for sample size calculation in future studies, depending on the nature of the desired analysis of the data collected. Nevertheless, it should be remembered that the most appropriate biological cut-off is probably closer to 1.5 standard deviations, which would decrease the number of excluded records considerably. The McCrory method clearly classified a greater number of children as underreporters when compared with the Goldberg method (See Table 2 ). Thus, it might be viewed as the more 'conservative' approach, and would have the effect of increasing the required sample size in some studies. The McCrory method will tend not to include as many true, but nonrepresentative records, and so might be considered as eliminating more 'real data'.
Both the modified Goldberg and McCrory approaches have their advantages and disadvantages, and we suggest that consideration should be given to the reason for screening data before a particular approach is used. Differing approaches will certainly produce different effects on the original dataset as illustrated in this study.
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